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Abstract

Context: Laboratory-based hepatitis C virus (HCV) clearance cascades are an important tool for
health departments to track progress toward HCV elimination, but a laboratory-based definition of
HCYV clearance has not yet been validated.

Objective: To compare agreement between a laboratory-based HCV clearance definition with a
clinical cure definition.

Design: Observational.

Setting: New York City Department of Health and Mental Hygiene HCV surveillance system
data and New York City hepatitis C linkage-to-care program data.
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Participants: Linkage-to-care program participants who were diagnosed with hepatitis C and
enrolled in the linkage-to-care program from July 1, 2016, through June 30, 2020.

Main Outcome Measure: Percent agreement between a laboratory-based HCV clearance
definition (surveillance system) and a clinical cure definition (program data).

Results: Among 591 program participants with known treatment outcome, the laboratory-based
HCV clearance definition and clinical cure definition were concordant in 573 cases (97%).

Conclusions: A laboratory-based HCV clearance definition based on public health surveillance

data can be a reliable source for monitoring HCV elimination.
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Introduction

During 2013-2016, an estimated 2.4 million people in the United States had hepatitis C.1
The United States has established a goal of eliminating hepatitis C as a public health threat
by 2030.2 To monitor progress toward elimination, public health departments can construct
hepatitis C virus (HCV) clearance cascades. HCV clearance cascades display a sequence of
steps from testing to cure to reinfection. The goal of a public health cascade is to measure
progress along a cascade for an entire population in a jurisdiction. Identification of drop-offs
and disparities along the cascade can inform public health interventions. Using a validated
and standardized approach to public health HCV clearance cascades is an important step
toward achieving the national elimination goal.

Public health departments have designed population-level HCV clearance cascades using
various data sources and definitions.3-> The most commonly accessible data source for
health departments is laboratory test results reported to the public health surveillance
system from health systems and laboratories. Some jurisdictions have mandated HCV test
result reporting, including detectable and undetectable HCV RNA results, which can help
to monitor current infection status. HCV test results can be deduplicated, merged, and
stored in a longitudinal, person-level database. To standardize HCV clearance cascades
across jurisdictions, the US Centers for Disease Control and Prevention (CDC) developed
laboratory-based HCV clearance cascade guidance for health departments to measure
progress toward elimination.® The cascade consists of 5 steps—ever infected, viral testing,
initial infection status, cured or cleared, and persistent infection or reinfection. Because most
health departments do not have access to treatment data at a population level, the fourth
step, HCV cured or cleared, is based on reported laboratory test results. The purpose of this
project is to validate the HCV cured or cleared definition in CDC’s HCV clearance cascade
using hepatitis C linkage-to-care program data.
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Methods

Check Hep C patient navigation program

Check Hep C is a patient navigation program designed to provide linkage to care for New
York City (NYC) residents with hepatitis C. To be eligible for the program, patients must
reside in NYC, have a positive HCV RNA test, and enroll at one of 14 program sites in
NYC. Program sites were located in 4 of 5 NYC boroughs and included federally qualified
health centers, nonprofit health systems, and public hospitals.

Once enrolled, patients are supported by patient navigators to complete hepatitis C medical
evaluation and treatment. Patient demographic, medical, and treatment information are
collected and stored in the NYC Department of Health and Mental Hygiene (DOHMH)
Viral Hepatitis Program’s Research Electronic Data Capture (REDCap) cloud database.”:8
REDCap data are extracted monthly and manually reviewed and deduplicated by Viral
Hepatitis Program staff. Patients who were diagnosed with hepatitis C and enrolled in the
Check Hep C program from July 1, 2016, through June 30, 2020, were included in this
analysis.

NYC hepatitis C surveillance data

The NYC DOHMH hepatitis C surveillance system contains patient demographic and
laboratory data records for NYC residents reported to DOHMH through provider and
electronic laboratory reporting. Electronic laboratory reporting for hepatitis C is mandated
for all positive antibody, positive RNA, and genotype results. Electronic laboratory reporting
of negative RNA results was implemented in 2014. Negative HCV RNA results are
imported into the surveillance system when they match to a patient who has had a previous
positive hepatitis C test result. All hepatitis C tests for the same person are automatically
deduplicated. Partial matches that are unable to be automatically deduplicated are manually
reviewed by surveillance staff.

Check Hep C patients were matched to the NYC Health Department HCV surveillance
registry based on a match key using the first 6 characters from the patient’s name and the
date of birth. Partial matches were manually reviewed, and matches to more than 1 record in
the surveillance registry were resolved.

Clearance definitions and validation analysis

Check Hep C program data and RNA tests reported to the DOHMH were used to define
treatment and clearance status. Clinical cure was determined for patients who completed
treatment using Check Hep C program data only. Patients were considered to have
completed treatment if they had a treatment start date and either (1) had a treatment
completion date or (2) the patient navigator otherwise indicated that treatment had been
completed. Patients who had a treatment completion date but were either missing status
of sustained virologic response (SVR) 12 weeks posttreatment (SVR12) or discontinued
treatment were considered to have not achieved SVR12. Clinical cure was abstracted from
the Check Hep C data and defined as the navigator indicating that the participant achieved
SVR12. Laboratory-based clearance was determined using RNA tests from the DOHMH
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hepatitis C surveillance system. Laboratory-based clearance was defined as any negative
RNA test result after a positive RNA test after program enrollment. RNA test results that
reported RNA was detected but not quantifiable were considered positive.

Check Hep C program data were used to describe the characteristics of people with HCV
infection who were enrolled in the program during the analytic period (July 1, 2016, through
June 30, 2020). Characteristics of patients who completed treatment were compared with
patients who either did not start or did not complete treatment using a chi-square test. Only
patients who completed treatment were included in comparisons of clearance definitions.

For patients who completed treatment, a 2-by-2 table was constructed to summarize

how the clinical cure definition compared with the laboratory-based clearance definition.
Percent positive agreement (PPA), percent negative agreement (PNA), overall agreement,
and Cohen’s kappa statistic were calculated to determine the validity of the laboratory-
based clearance definition. The kappa statistic is a measure of agreement that ranges from

0 (lowest agreement) to 1 (highest agreement) and takes into consideration that some
agreement might occur by chance. Lastly, patients whose clinical cure and laboratory-based
clearance determinations were not in agreement were investigated. Reasons for discordance
were explored qualitatively using information collected by Check Hep C patient navigators
and from RNA testing trends observed in the surveillance data. All statistical analyses

were performed using SAS Enterprise Guide 7.1. This project was reviewed by CDC,

was exempted from institutional review board oversight because it did not involve human
subjects research, and was conducted consistent with applicable federal law and CDC policy
(eg, 45 CFR 46.102[1]).

Patient characteristics

We obtained the demographic and clinical information of 1567 participants who enrolled in
the Check Hep C Patient Navigation program from July 2016 through June 2020 (Table 1).
Of the 1567 participants included in this analysis, 68.5% were male, 30.8% were female,
and less than 1% were transgender. The median age at enrollment was 56 years (interquartile
range: 47-63 years); 38.0% of participants were older than 60 years and 15.2% were less
than 40 years old at the time of enrollment. Nearly three-quarters of the participants were
either Black (39.1%) or Latino (34.2%). Almost half of the participants reported ever using
drugs (46.5%), and 18.2% reported injecting drugs within the past year. Thirty one percent
of participants were ever incarcerated, 5.9% were homeless at any time while enrolled in the
program, and 13.0% were living with HIV.

Among 1567 Check Hep C participants, 733 (46.8%) were not started on treatment (Table
1 and Figure). Program notes mention various reasons for not starting treatment including
referral to another program, insurance issues, competing health issues, refusal of care, and
loss to follow-up. From the NYC surveillance data, 291 of 733 had a subsequent negative
RNA after enrollment in Check Hep C, which could be due to either treatment in another
program or spontaneous clearance. Participants who either did not start treatment (n = 733)
or did not complete treatment (n = 104) were more likely to report injection or intranasal
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drug use in the past year, experience homelessness while enrolled, and were enrolled more
often in later program years compared with participants completed who treatment (Table 1).

Comparison of clearance definitions

Of the 834 participants who started treatment, 714 (85.6%) met the inclusion criteria and
completed treatment. Of those who completed treatment, 575 (80.5%) participants met the
definition for clinical cure, 16 (2.2%) did not achieve clinical cure, and 123 (17.2%) had
unknown clinical cure status because data on SVR12 status were missing (Table 2). Upon
matching the 575 patients who were clinically cured to surveillance data, 568 met the
laboratory-based clearance definition. The laboratory-based clearance definition had a PPA
of 98.8% (95% confidence interval [Cl], 97.5%-99.4%) and a PNA of 31.3% (95% ClI,
14.2%-55.6%) when compared with clinical cure (Table 3). The overall agreement was 97%
(95% Cl, 95.29%-98.1%) with a calculated kappa statistic of 0.34. There were 18 cases
where the laboratory-based clearance and clinical cure determinations were discordant.

Of the 123 participants who completed treatment but for whom clinical cure status could not
be ascertained (missing SVR12 status), 112 (91%) were discharged from the program and
assumed to be missing treatment outcome due to loss to follow up. Fifty two percent were
lost to follow-up prior to their SVR12 appointment. However, among this group, 93.5%
(115 of 123) had a follow-up negative RNA test result dated after enrollment in the HCV
surveillance system.

Investigation of discordant cases (n = 18)

There were 7 patients who were considered clinically cured but did not meet the laboratory-
based clearance definition (ie, did not have negative RNA test results in the HCV
surveillance system). Three participants did not have any RNA test results in the HCV
surveillance system after their enrollment date (Table 4, scenario 1). One of these 3
participants relocated shortly after participating in the Check Hep C program. RNA testing
for SVR12 outside of NYC, if performed, would not have been reported to the NYC
DOHMH. Another participant had a single, positive RNA result in the surveillance data

18 months after achieving clinical cure (Table 4, scenario 3). RNA testing patterns showed
that the remaining 3 participants tested RNA positive between program enrollment and their
treatment completion date; however, these participants did not have any follow-up RNA test
results available after treatment completion in the surveillance data (Table 4, scenario 2).

There were 11 participants who did not meet the clinical cure definition but were classified
as cleared by the laboratory-based definition (Table 5). Six participants tested RNA negative
after treatment completion but had a subsequent positive RNA test result within 6 months
of completing treatment (indicative of treatment failure) (Table 5, scenario 1). Three
participants tested positive after treatment completion and had subsequent negative RNA
tests (Table 5, scenario 2). One participant did not meet the clinical cure definition but

had a negative RNA 1 month after completing treatment; clinic notes indicate that the

clinic navigator was trying to get this person back into care (Table 5, scenario 3). Lastly,

1 participant discontinued treatment due to adverse effects; their single negative RNA test
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result 2 months before completing treatment is indicative of early virologic response rather
than cure (Table 5, scenario 4).

Discussion

To achieve the elimination of hepatitis C, it is necessary to evaluate the impact of

public health interventions over time and identify areas for improvement. This analysis
demonstrated that the laboratory-based clearance definition developed by CDC can be used
to accurately monitor HCV clearance rates in NYC. The implications of successfully using
negative HCV RNA tests as a proxy for clearance/cure means that the laboratory-based
clearance definition can be applied to an HCV clearance cascade while maintaining high
PPA.

The high PPA in our study indicates CDC’s laboratory-based viral clearance definition can
be a useful tool for monitoring HCV elimination efforts in jurisdictions that have access to
HCV surveillance data and negative HCV RNA test reporting. The use of HCV surveillance
data to predict cure with high sensitivity has been established.®10 These cure algorithms
have traditionally relied on multiple RNA tests in definitions of treatment and cure; however,
with the simplification of the treatment monitoring guidelines,!! it can be argued that

these algorithms can be further simplified as we have demonstrated here. Direct-acting
antiviral treatments are highly effective—producing SVR of =95%, even without perfect
adherence.12-15 Compared with other cure algorithms, the CDC laboratory-based clearance
definition is simpler and does not depend on repeated viral load testing, which is no longer
recommended during treatment. Given that many people at higher risk for HCV infection
(eg, people experiencing homelessness, people with a history of incarceration, and people
who use drugs) have competing priorities and needs, one RNA test posttreatment completion
is more feasible.18 In addition to simplifying the cure algorithm, the laboratory-based
clearance definition had a high degree of agreement (97.0%) with the clinical determination
of individuals who completed treatment and had known SVR12 status.

Conversely, there are limitations to using a single negative RNA test as a proxy for cure.
The laboratory-based clearance definition had a lower PNA and incorrectly classified some
participants who did not achieve clinical cure as cleared, although this scenario represented
<2% of participants overall. Early negative RNA results prior to treatment completion could
indicate that participants were initially adherent to their treatment regimen. Although these
participants had an initial undetectable RNA test after starting treatment, they failed to
achieve clinical cure (SVR12). The laboratory-based clearance definition was unable to
differentiate between negative RNA tests representing SVR and initial treatment response in
the absence of clinical cure.

Our study had several limitations. First, this validation study only included participants who

were enrolled and completed treatment in the Check Hep C program, and these findings may
not be generalizable to other jurisdictions or populations. Additionally, the validation of this

laboratory-based clearance definition depends in large part on the strength of the underlying

hepatitis C surveillance system and may not be reproducible in health jurisdictions that

do not have access to longitudinal surveillance data as well as negative and positive RNA
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test results. We were only able to validate the laboratory-based clearance definition among
people known to receive treatment as data were not available for those not known to be
treated. Therefore, the performance of this clearance definition for people who have not been
treated is unknown. The Check Hep C program was designed to improve linkage-to-care

and provide one-on-one patient navigation to clinical and other supportive services, which is
evidenced to be successful in managing and improving the care of HCV-infected patients.1’~
19 Thus, only a small number did not achieve clinical cure and could be assessed for PNA.
The small marginal distribution of patients who completed treatment but were not cured
resulted in a low kappa statistic despite high overall agreement, which is a well-described
limitation of kappa statistic.20

Lastly, the Check Hep C program was missing data to determine clinical cure status for 17%
(123 of 714) of participants who completed treatment; most of whom were lost to follow

up. It is plausible that the proportion of participants who achieved clinical cure (SVR12)
among this group was different compared to participants for whom clinical cure status was
known. However, among participants who had missing clinical cure data, 82% (101 of 123)
met the laboratory-based definition of clearance and did not have any positive RNA test after
their first negative, suggesting that treatment failure was relatively rare among Check Hep

C participants, regardless of whether their cure status was known. This demonstrates that,
when utilized in tandem with a robust surveillance system, the laboratory-based clearance
definition can be used to infer treatment and cure information at the individual level outside
of the clinic setting.

This analysis demonstrates that surveillance data can be used to ascertain clearance or

cure using a laboratory-based definition. The usefulness of the definition is contingent
upon having access to a robust surveillance system and mandated laboratory reporting of
negative RNA test results. Maintaining a longitudinal hepatitis C surveillance database that
can capture data for individuals that occur outside of a single clinic or program is critical
for understanding testing and treatment trends at a jurisdictional level. Furthermore, health
departments need a longitudinal hepatitis C surveillance database capable of recording

and deduplicating HCV laboratory tests, including both positive and negative RNA tests.
Currently, negative HCV RNA reporting is not mandated in many jurisdictions across

the United States®; however, federal funding has been allocated to strengthen hepatitis
surveillance systems, but mandated reporting of test results is subject to state and local
health code laws. The validation and subsequent application of a laboratory-based clearance
definition will allow jurisdictions, including NYC, to construct a clearance cascade to
identify gaps in clearance/cure and monitor progress toward hepatitis C elimination.
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Implications for Policy & Practice

. Developing hepatitis C cascades from public health surveillance data
depends on maintaining a longitudinal, patient-level database and receiving
comprehensive, electronic laboratory reporting of negative HCV RNA test
results.

. In this report, we show that a laboratory-based definition of HCV clearance
had high concordance (97%) with a clinical definition of HCV cure in a
hepatitis C linkage-to-care program in New York City.

. Negative HCV RNA tests reported to public health jurisdictions can be a
reliable proxy for clinical HCV cure and can be a useful tool for monitoring
HCV elimination efforts.
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Check Hep C
participants enrolled
from July 2016

through June 2020 Check Hep C

participants were not
treated

Check Hep C

participants started
treatment Check Hep C

participants did not
complete treatment

Check Hep C

participants had
Check Hep C unknown treatment
participants completion
completed treatment

Check Hep C
participants had an
unknown SVR12
Check Hep C outcome
participants had a

known SVR12

outcome

FIGURE.
Flow Diagram of Check Hep C Patients Included in the Validation Analysis. A Patient

Was Considered to Have Started Treatment if They Had A Treatment Start Date. A Patient
Was Considered to Have Completed Treatment if They Had A Treatment Start Date and 1)
Completion Date or 2) Discharge Notes Indicate that Treatment Was Completed. A Patient
Was Considered Having a Known SVR12 Outcome if They Completed Treatment and Have
Available Treatment Outcome Data. Abbreviation: SVR12, Sustained Virologic Response at
12 Weeks Posttreatment
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TABLE 2

Comparison of Clinical Cure vs Laboratory-Based Clearance Determinations

Clinical CureP

Laboratory-Based Clearance (Negative RNA After Positive RNA Test)2  Unknown® Yes No Total

Yes 115 568 11 694
No 8 7 5 20
Total 123 575 16 714

Abbreviation: RNA, ribonucleic acid.

a. . . .
Defined as any negative RNA test result reported to the health department after a positive RNA test result and after Check Hep C program

enrollment.

Page 14

Defined by a Check Hep C patient navigator determination that the patient achieved sustained virologic response at 12 weeks posttreatment.

Clinical cure determination was unknown because data on the sustained virologic response at 12 wk posttreatment (SVR12) status was missing.
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TABLE 3

Calculated Percent Positive Agreement and Percent Negative Agreement Between Clinical Cure and
Laboratory-Based Clearance Determinations?

n/N %  95% Confidence Interval
Percent positive agreement ~ 568/575 98.8 97.5-99.4
Percent negative agreement 5/16 31.3 14.2-55.6
Overall agreement 573/591 97.0 95.2-98.1

a.. . ] . . Lo . . . . .

Clinical cure was defined by a Check Hep C patient navigator determination that the patient achieved sustained virologic response at 12 wk
posttreatment. Laboratory-based clearance was defined as any negative RNA test result reported to the health department after a positive RNA test
result and after Check Hep C program enrollment.
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